DPhil; for the PURE (Prospective Urban Rural Epidemiology) Study investigators IMPORTANCE Hypertension is the most important preventable cause of morbidity and mortality globally, yet there are relatively few data collected using standardized methods. OBJECTIVE To examine hypertension prevalence, awareness, treatment, and control in participants at baseline in the Prospective Urban Rural Epidemiology (PURE) study.
H igh blood pressure is the leading cause of cardiovascular disease (CVD) and deaths globally. It is associated with at least 7.6 million deaths per year worldwide (13.5% of all deaths), making it the leading risk factor for CVD. 1 The majority of CVD occurs in low-, low-middle-, and upper-middle-income countries (LIC, LMIC, and UMIC). 1, 2 The importance of blood pressure as a modifiable risk factor for CVD is well-recognized and many effective and inexpensive blood pressure-lowering treatments are available. Therefore, hypertension control and prevention of subsequent morbidity and mortality clearly should be achievable.
Information on hypertension prevalence, awareness, treatment, and control in multiple countries and different types of communities is necessary to provide a baseline for monitoring and also to inform the development of new strategies for improving hypertension control. A number of initiatives from the World Health O r g a n i z a t i o n ( W H O ) have documented prevalence of hypertension and some have recorded treatment rates. [3] [4] [5] The largest systematic analysis of health sur veys from 199 countries for individuals aged 25 years and older was conducted in 2008 and reported the prevalence and mean of hypertension. 6 However, most studies were limited to few countries and were conducted at least 2 decades ago, few reported awareness, and none reported on variations between urban vs rural settings, economic status and other variables, rates of blood pressure control, or the types of treatments used. Such information is key to developing strategies for better detection and control of hypertension globally.
The overall Prospective Urban Rural Epidemiology (PURE) study is a prospective, standardized collaborative study 7, 8 in which we report a cross-sectional analysis of baseline data to assess the prevalence, awareness, treatment, and control of hypertension by the economic status of countries and by sex, age group, location (urban vs rural), and education of the participants.
Methods
The PURE study was approved by the ethics committees in all participating centers. All participants provided consent (either written or a thumbprint if unable to read). The PURE study involves urban and rural communities within 17 countries including 3 high-income countries (HICs): Canada, Sweden, United Arab Emirates; (7 UMICs) Argentina, Brazil, Chile, Poland, Turkey, Malaysia, South Africa; (3 LMICs) China, Colombia, Iran; and (4 LICs) Bangladesh, India, Pakistan, Zimbabwe (eTable 8 in Supplement). Categorization of economic level of a country was based on information from the World Bank in 2006. 9 The overall aim of PURE was to examine the relationship of societal influences on lifestyle behaviors, cardiovascular risk factors, and incidence and mortality of chronic diseases. The methods of the PURE study have been described previously. 10, 11 Briefly, countries and communities were chosen purposively to participate in PURE. For practical reasons, our goal was not to select strict proportionate sampling, but instead to show economic and sociocultural diversity and inclusion of sites in which investigators were committed to collecting high-quality data at a modest budget and to following up participants for at least 10 years. Within communities, the sampling framework used aimed to recruit an unbiased sample of households. 10 Inclusion of a broad sample of several countries of low-and middle-income status, countries in which data on chronic disease are relatively sparse, was a key goal. Within each country, an urban and rural stratified sample of communities was selected with the aim to include a diverse range of communities (eTable 8 in Supplement Households were eligible if 1 or more members of the household was aged between 35 and 70 years and the household members intended to stay at that address for a further 4 years. Medical history and risk factors were recorded and a basic physical examination was conducted on participants between the ages of 35 and 70 years who provided written informed consent. 10, 11 
Measurement of Risk Factors
CVD risk factor history, including smoking, history of hypertension, diabetes, psychosocial factors, alcohol consumption, and physical measures were recorded as described in the INTERHEART study, 12 as were sociodemographic characteristics including date of birth. With participants for whom date of birth was unknown, self-reported age was recorded in years. Younger age was defined as less than 50 years, and older was defined as aged 50 years or older. In these analyses, prevalent diabetes and CVD are defined on the basis of self-reported medical diagnoses, which have demonstrated substantial and moderate agreement, 13 respectively with data from disease registers in a large Finnish study (κ, 0.58 and 0.75). 14 We also verified, during a central adjudication process, medical or hospital records in a sample of 455 events during follow-up with agreement rates of 89%. 11 Education was categorized as high (trade school, college or university); medium (secondary school or high school), low (primary education or no education), or unknown.
Sitting blood pressure was measured by trained research assistants at all centers following a standardized procedure using an Omron digital blood pressure measuring device (Omron HEM-757) provided for all sites. The mean of 2 measures was used for all analyses. The main hypertension defi-nition used in this article was individuals who reported having hypertension and receiving blood pressure-lowering treatment or had an average systolic blood pressure (SBP) of at least 140 mm Hg, an average diastolic blood pressure (DBP) of at least 90 mm Hg (categorized as stage 1), or both an SBP and DBP that exceeded the previously shown levels. We also used a similar definition similar to categorize stage 2 participants but included individuals with SBP of at least 160 mm Hg, DBP of at least 100 mm Hg (or both, as previously shown). Categorizing stage 1 vs stage 2 was done to demonstrate the distribution of definite hypertension. All participants were asked whether they had a medical diagnosis of hypertension (awareness), whether they were receiving blood pressure-lowering medications (treatment), and a list of all their medications were recorded. Control was the proportion of participants with hypertension who had an average systolic and diastolic blood pressure of less than 140/90 mm Hg.
Statistical Analysis
Results are presented as the numbers (and corresponding percentages) for categorical variables and mean (SD) for continuous variables. To enable comparison with other global estimates of hypertension, we conducted age and sex direct standardization 15 using the WHO world population. 16 To enable comparison between subgroups and to control for clustering, results were adjusted using a generalized linear mixedeffect model. Specifically, we used the GLIMMIX procedure in SAS assuming community as a random effect and other factors such as age, sex, location, education and income status of the country as fixed effects in the model. For binary outcomes, we used the binomial distribution option with the logit link function.
Interaction between variables was also tested by including an appropriate term in the model. When interactions were found to be significant, strata-specific models were used for adjusted rates. Means were compared using t tests or medians and/or proportion compared with appropriate nonparametric tests. To ensure that all tests took into account the effect of clustering, different groups were compared based on the P values obtained from the mixed-effect model and the linear test of trend was performed using model coefficients from mixed models and an appropriate contrast statement. A P value of less than .01 was considered to be statistically significant with a 2-sided alternative. All statistical analyses were calculated using SAS software version 9.2 (SAS Institute Inc) and all figures were drawn using S-PLUS software version 6.2 (TIBCO Software Inc). Rates of response were similar in HIC (84%), UMIC (87%), and LMIC (82%), but lower in LIC (55%). The average age of participants and the percent with primary or less education were similar, but the percentage of women was higher among those enrolled compared with those who were eligible. This pattern was similar in HIC, UMIC, LMIC, and LIC. At the analysis stage, we excluded individuals who were outside the age criteria, leaving 151 966 participants. Those with incomplete systolic and diastolic blood pressure measures were also excluded, leaving 142 042 to constitute the population used in this report. 17 Table 1 summarizes the characteristics of the cohort and the prevalence of hypertension according to different definitions. Overall, 57 840 of the participants enrolled in PURE had hypertension (40.8%; 95% CI, 40.5-41.0) and the mean blood pressure was 131/82 mm Hg. The age and sex prevalence standardized to the WHO world population was 27.7%. The distribution, based on different definitions, is detailed online (eTables 1-4 in Supplement).
Awareness, Treatment, and Control of Hypertension
Among participants with hypertension, 26 877 were aware of their condition (46.5%; 95% CI, 46.1%-46.9%), 23 510 were receiving treatment (40.6%; 95% CI, 40.2%-41.0% [87.5%; 95% CI, 87.1%-87.9% of those who were aware]), and 7634 had their blood pressure controlled (13.2%; 95% CI, 12.9%-13.5% [32.5%; 95% CI, 31.9%-33.1% of those receiving medical treatment]). Awareness, treatment, and control of hypertension were lowest in LICs, particularly in Africa ( Table 2) .
Urban vs Rural
Awareness and treatment rates of hypertension were similar in urban and rural communities of HICs and UMICs, but were significantly lower in rural areas vs urban areas in .7%]). The proportion of participants with controlled blood pressure was consistently lower in rural areas vs urban areas in all countries ( Table 3) .
Age and Sex
Participants aged 50 years and older consistently had greater awareness of their hypertension compared with younger par- ticipants and had higher rates of treatment and control when compared with younger participants. Women consistently had greater awareness of their hypertension and higher rates of treatment and control than men (Table 3) .
Education
In models mutually adjusted by age, sex, and urban/rural setting, greater education was associated with greater awareness and treatment in men but not women, and greater control in both men and women (Figure 1) . Greater education was associated with greater awareness and treatment in LICs only and greater rates of control in HICs and LICs. Greater education was associated with greater awareness, treatment, and control in older, but not younger participants (eTables 9, 10, 11, and 12 in Supplement).
Blood Pressure-Lowering Medications
Overall, angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) were the most commonly used blood pressure-lowering agents (13.6%; 95% CI, 13.3%-13.9%) with a similar proportion of participants with hyper- (Figure 2) . Among the 23 510 participants who self-reported receiving treatment for hypertension, 7273 reported 2 or more types of blood pressure-lowering medications on their medication lists ( The use of 2 or more medications among hypertensive patients was slightly higher in women compared with men (8.1% [95% CI, 6.3%-10.4%] and 6.9% [95% CI, 5.3%-9.0%], respec- 
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Error bars indicate 95% CIs. For prevalence, awareness, control, and treatment, there is a significant trend by education overall (P < .001). Younger and older describe age categories (<50 years and Ն50 years). A, P values were significant in men and women (P < .001), older and younger participants (P < .001), urban communities (P < .001), rural communities (P = .004), high-income communities (HICs, P < .001), upper-middle-income communities (UMICs, P < .001), lower-middle-income communities (LMICs, P = .048), and low-income communities (LICs, P < .001). There were significant interactions of sex × education (P < .001), age × education (P = .008), urban and rural location × education (P < .001), and economic status of countries × education (P < .001). B, P values were significant in men (P < .001), older participants (P < .001), urban and rural communities (P < .001), LICs (P < .001), but not in other groups. There were significant interactions of sex × education (P < .001), urban and rural location × education (P = .001), and economic status of countries × education (P < .001). C, P values were significant in men (P < .001), older participants (P < .001), urban and rural communities (P < .001), in LICs (P < .001), but not in other groups. There were significant interactions of sex × education (P < .001), age × education (P < .001), urban and rural location × education (P = .001), and economic status of countries × education (P < .001). D, P values were significant in women and men (P < .001), older participants (P < .001), urban and rural communities (P < .001), HICs (P = .01), LICs (P < .001), but not in other groups. There were significant interactions of age × education (P < .001), urban and rural location × education (P = .005), and economic status of countries × education (P < .001).
tively; P <.001 for comparison), older compared with younger participants (9.5% [95% CI, 7.4%-12.2%] and 4.5% [95% CI, 3.5%-5.9%], respectively; P <.001 for comparison) and urban vs rural areas (8.0% [95% CI, 6.2%-10.3%] and 7.4% [95% CI, 5.7%-9.5%], respectively; P = .005 for comparison). The use of 2 or more medications also was greater with increased education (eTable 6 in Supplement).
Discussion
This study found a large gap between both detection and control of hypertension across all countries studied. It shows that while initial therapy was started in the large majority of individuals who are detected to have hypertension, control in participants receiving treatment was very poor. The use of combination therapies, generally required to achieve blood pressure control, 18 was low. Awareness, treatment, and control were lower in LICs compared with other countries and in rural settings of LMICs and LICs compared with urban ones. Despite men having higher rates of hypertension, women consistently had higher awareness, treatment, and control of their hypertension, consistent with a large body of research on sex and health-seeking behavior. 19 Also participants with more education had greater awareness, treatment, and control, particularly in LICs. The rates of hypertension prevalence, awareness, treatment, and control found in this study are generally consistent with findings in those countries with existing data. 6, 20 For example, rates of treatment among individuals aware of their hypertension in a 2008/2009 survey in Canada was 82%, which was similar to that from the Canadian cohort in PURE. 21 In the China National Nutrition and Health Survey of 2002, awareness of hypertension was lower (28%) but the proportion of those aware on treatment (78%) was similar. 22 In a study in India from 2004-2007, a survey of 4608 rural and urban women found 42.8% aware of hypertension, which was similar to PURE, but reported lower rates of treatment (38.6% of those aware). 23 The apparently higher prevalence of hypertension measured in this study (40.7%) compared with estimates from the Global Burden of Disease study 24 in 2000 of 26.4% (95% CI, 26.0%-26.8%) for 20-to 80-year olds is due to the older age of the participants in PURE (>35 years). When we agestandardized to the WHO world population, 15 the overall prevalence of hypertension in the PURE study was 27.7%, which is similar to the Global Burden of Disease estimates 24 and to the results of a recent systematic analysis of health surveys from 199 countries for individuals aged 25 years and older in 2008 (SBP ≥140 mm Hg or DBP ≥ 90 mm Hg) of 29% (95% CI, 27%-31%) in men and 25% (95% CI, 23%-27%) in women. 6 This suggests that there is unlikely to have been major biases in the selection of communities and individuals in the countries included in this study and therefore, our data can be considered to be reasonably reflective of the prevalence in the urban and rural areas of these diverse countries.
The widespread lack of hypertension awareness (a measure of hypertension case identification) and poor control (a measure of inadequate treatment) in all countries studied, de-spite the identification and control of blood pressure being prioritized by many national and global organizations and despite the availability of inexpensive and effective medications, is concerning. 25, 26 The low rates of detection may be because few individuals have their blood pressure checked either through routine health assessment or screening programs and may be due to difficulties or costs in accessing health care.
The lowest rates of use of blood pressure-lowering medications were observed in LICs. Although low-cost generic blood pressure-lowering medications are available in LICs, possible barriers to use of medications are still affordability (as a proportion of local income), lack of drug inventory, distance to clinics, and the costs to see physicians. Hence, models of care that shift the detection and initial treatment of hypertension to nonphysician health workers should be considered. [27] [28] [29] Effectiveness of these models of care have been demonstrated in management of other conditions such as HIV in developing countries. [30] [31] [32] However, even among individuals who have received treatment, there is poor blood pressure control. This suggests ineffectiveness in our current treatment approach, which is largely based on the use of single drugs. Instead, strategies such as using combination therapy for the initial treatment of hypertension may be required. 28 In LICs, awareness, treatment, and control were lower in participants with primary or no education, most likely reflecting a combination of low socioeconomic status, which may influence access to care, lack of knowledge of the sequelae of uncontrolled hypertension, and differing values with respect to the importance of the future. 33, 34 Education was used as a surrogate for socioeconomic status in this analysis and although this is limited, similar social patterning of hypertension prevalence has been recently reported in some LICs. 35 
Strengths and Limitations
To our knowledge, this is currently the largest multicountry study in which blood pressure was measured using standardized methods across all study centers. It involves a large num- ber of low-and middle-income countries, involves both urban and rural communities, and participants were identified from communities and not from clinics or hospitals. It also recorded data on the number and types of drugs used, which is generally not collected to this detail in other surveys of hypertension. This study's major limitation is that the sampling framework in each country was not nationally representative, and therefore caution is needed in extrapolating the information as being representative of the status in each country. Nevertheless, our overall prevalence of hypertension is similar to the global prevalence estimates 24 after adjusting for age, and therefore suggests no major biases due to the nonrandom selection of communities or countries included in PURE. Although a random selection of countries from each part of the world that included different economic levels and identification of a random set of communities within them would be ideal from a methodological perspective, such an approach is not practical given the existing poor research infrastructure in many parts of the world. The response rate was lower in LICs, but the characteristics of enrolled to eligible participants were similar in HICs, UMICs, LMICs, and LICs. Diagnosis of hypertension was based on measures and history taken at a single visit; however, multiple visits are impractical for large-scale studies and our approach is similar to that of many epidemiological studies.
Conclusions
In this cross-sectional analysis of a multinational study population, 46.5% of participants with hypertension were aware of the diagnosis, while blood pressure was controlled among 32.5% of those being treated. These findings suggest that substantial improvement in hypertension diagnosis and treatment is needed.
